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b'estint-11ouse E l e c t r i c  Corporation, Aerospace Divi si on, lial t imora,  1 q r l a n d ,  
h a s  invest i raLcd t h e  systein requirenient,s o f  a r ada r  a l t i n L e t e r  epp l i cab le  t o  deep 
space probes.  
Nat ional  1,eronautics and Sp? ce Administration, 1,myley ILcsearcl-1 CmI,er, 1Imipt )n, 
Virpinia .  

T h e  s tudy has heen conducted under conl,rnct, I I K ,  l-5(''?3 w i t h  t h e  

?'he 1 *es tinyhouse order nwritjer ins fitiU-5344'1'. 

The r e s u l t s  of t h e  s tudy a re  presented i n  t h r e e  voIur,ies. Volumes 1 and 111 
a r c  t h e  t e c h n i c a l  r epor t  and reliability p l a n ,  r e spec t ive ly .  'J1ii.s ctoclni ent  , 
Volume 11, desc r ibes  a p lan  f o r  t h e  a l t i r i l e te r ' s  d e s i m ,  developrrent anti produc- 
t i o n .  
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IN'I 'ItODUC'i 'IOIJ 

1 est inphouse E l e c t r i c  Corporation, Aerospace Division, has conducted a 
Space Probe 1Lada.r iiltirrleter (LPPTLA) Study under Contract, l i i \ ~  1-5953 for I J K A I ~  
Lanclcy liesearch Center. 
of a small, low power consiminr, stxri l i z a b l e  altimeter. I n  riclditi on, n p lzn  
was evolved ?or  t h e  desi,m, d e v e l o p e n t ,  and prodiict,i.on of al t  ; r , e t c r s  for a 
space Tirobe r!,ission. The 4evelopr cnt plan, cor p l e t e  w i t h  c o s t  i n f o r r  aLion, 
i s  presenter1 herein.  

Under this proprani was develoned t h e  concep1,ual d e s i p i  

?'he followin[- IleveloFr: en t  Plan desc r ibes  the prorprar ornani7at ion :ind 
sckicdule required Lo devcl op t h e  radar  alt,  i r  c t e r ,  and it  d e t a i l s  tlle clanape- 
n erit , enr-ineerinl-, r onufac t ur i  ni- cn4  t e s t  plans.  

1 
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PRmRAM DESCRIPTION 

T h i s  development p13n describes 9 propram f o r  t h e  desipn, development, 
m d  production of p l t i m e t e r s  required f o r  7 deep spnce probe mission.  The 
o b j e c t  of t h e  propram i s  t o  commit t o  F rFc t i ce  t h e  concerts  develored dur- 
i n g  t h e  study e f f o r t  of t h e  SPRA propmn.  

The developed a l t i m e t e r  will provide 7 l t i t u d e  inform7tion for cor re l a -  
t i o n  of s c i e n t i f i c  me?surements, parFchute deployment, end o t h e r  func t ions  
r equ i r ing  a l t i t u d e  marks. Elltimiter desipn h ? s  been p r e d i w t e d  on t h e  re- 
quirements of probes such p s  ; K P r s  llsemi-h?rdf' 1 - n d e r  lmnched i n  1971. 

While t h e  Flt imeter design i s  s u i t a b l e  f o r  P v p r i e t y  of p o s s i b l e  
apylic<Ttions,  t h e  development p1m h;s been formulzteci t o  be comyptible 
w i t h  P hypothet ical  19'71 Mars probe. 
c r i t i c a l  d a t e s ,  and t h e  l e v e l  of development allowed. 
po-ahead d a t e  i s  JanuFry 1 ,  1967. 
subpssemblies have been l i m i t e d  t o  Ppproxkqte ly  one ye?'r, pnd c o n s i s t  of 
no more th?n Pdapting e x i s t i n p  techniques.  Unproven ide:s hpve been 
excluded to assure hiph confidence i n  success and t o  ?void r o t e n t i a l l y  
u n r e l i a b l e  techniques.  

T h i s  h a s  e s t ab l i shed  overal.1 t iming, 
The assumed program 

Development proprams f o r  components and 

R e l i ~ i b i l i t y  ?nd q u a l i t y  con t ro l  requirements kave very s i p n i f i w n t  
impact on t h e  conduct -nd cos t  of t h e  -3 t ime te r  development propram. 
Gupli ty  ;issur,cnce provis ions i n  9ccordance w i t h  NPC-200-2 have been 
pssumed. Volume I11 of t h i s  r epor t  i s  devoted s p e c i f i c a l l y  t o  t h e s e  
areps, 2nd desc r ibes  t h e  SPRi. r e l i p b i l i t y  ?nd q u p l i t y  ;ssurrnce p l a n s .  

Plans have been mrde f o r  t he  f a b r i w t i o n  of f i f t e e n  ;> l t ime te r s :  one 
engineer ing model: two prototypes:  two u n i t s  f o r  e n v i r o m e n t p l  qup l i f i ca -  
t i o n  t e s t i n g :  and t e n  f i n a l  c o n f i p r p t i o n  u n i t s  f o r  system-level t e s t s  
and ev? luz t ion ,  ope rp t ionp l  use,  and spa res .  Document<Ition of proprpm 
r e s u l t s  w i l l  a l s o  be provided a s  descr ibed l a t e r .  

Orpanization 

General o rgzn iza t ion  of t h e  progrpm i s  a s  shown i n  F i p r e  1. The 
Program Mmagerls r e s p o n s i b i l i t i e s  i nc lude  d i r e c t i o n ,  coordinFtion 2nd 
c o n t r o l  of all progrc.m a c t i v i t i e s  of t h e  manpgement orgFnizat ion,  Pnd of 
(-11 l i n e  personnel Pssigned t o  h i m  from l i n e  departments ;is needed t o  
cPr ry  o u t  progr?m requirements.  

The Technical D i rec to r ,  w i t h  t h e  ps s i s tpnce  of an Fdvisory s t a f f ,  hPs 
r e s p o n s i b i l i t y  f o r  d i r e c t i o n  and coordinat ion of t h e  a c t i v i t i e s  of design 
m d  support  personnel.  Ppprov?l of t e c h n i c a l  dec i s ions ,  subDssembly i n t e r -  
f z c e  c o n t r o l ,  ;ind t e c h n i c a l  1i; i ison with NASL and o t h e r  con t rFc to r s  w i l l  
be Pmong h i s  d u t i e s .  
e l e c t r i c a l  and mechanic21 design, r e l i z b i l i t y ,  m?nufrcturing, e t c . )  w i l l  
be placed i n  t h e  hands of personnel ass igned t o  t h e  p r o j e c t  from t h e  ver ious 

3 l i n e  departments.  

Responsibi l i ty  f o r  va r ious  areas of e f f o r t  ( i . e . ,  

AEROSPACE DIVISION 
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SCHEDULE AND PLANNING NETWORK 

Sck-edule 

I n  accordance w i t h  t h e  requirements of t h e  c o n t r a c t  work stFtement,  t h e  
development plan i s  based on the  assumption of ? 1971 space probe. Figure 2, 
t h e  master schedule f o r  development m d  production, r e f l e c t s  t h e  t iming 
necessary f o r  a 1971Mars mission. 
t h e  1971Mars launch window - - two f o r  o p e r a t i o n a l  use and two f o r  s p a r e s .  
S i x  u n i t s  would be de l ive red  f o r  systems-level t e s t ing . inc1ud ing  an e a r t h  
e n t r y  mission ? y e a r  p r i o r  t o  the  operat ionpl  mission.  
program i s  as descr ibed below: 

Four a l t i m e t e r s  would be completed f o r  

The three-phPse 

Desim and Development. - Under t h i s  phase a breadboard engineering 
model P l t i m e t e r  w i l l  be designed, fabr ica ted ,  and bench-and temperature- 
t e s t e d .  
t es t  program, w i l l  follow. The prototype e l e c t r i c a l  and mechanical con- 
f i g u r a t i o n  w i l l  conform t o  f i n a l  un i t  requirements.  
go bench and temperature t e s t s  i n  conjunction w i t h  t e s t  equipment designed 
t o  s imulate  r e z l i s t i c  dynamic inputs .  
capsule  i n t e g r a t i o n  and i n t e r f a c e  checkout. 

Prototype design, incorporat ing chpnpes d i c t p t e d  by the  breadboard 

One prototype w i l l  under- 

A second w i l l  be de l ive red  f o r  i n i t i a l  

Manufacturinp Phase. - The manufacturinp phase inc ludes  t o o l i n g  rnd 
manufacturing development, modificPtion of e d s t i n g  clean room f a c i l i t i e s  
t o  conform t o  t h e  d i c t a t e s  of t h e  Pl t imeter  s t e r i l i z a t i o n  g o d s ,  f a b r i c a t i o n  
and -ssembly, and t h e  e x e r c i s e  of a comprehensive q u a l i t y  c o n t r o l  program. 
A t o t p l  of 12 f i n a l  u n i t s  will be produced - - 2 a l t i m e t e r s  f o r  environmental 
and q u 2 l i f i c a t i o n  t e s t i n g  x d  10 f o r  d e l i v e r y  t o  t h e  customer. 

Test Phase. - Comprehensive environment91 and q u a l i f i c a t i o n  t e s t s  W i l l  
be performed. A l l  c r i t i c p l  environments w i l l  be s imulsted.  Addit ional ly ,  
component t e s t i n g  will be conducted during the  e a r l y  ph;lses of development 
3s P p z r t  of P r e l i a b i l i t y  program which i s  a continuous e f f o r t  throughout.  

dork Respons ib i l i t y  

Respons ib i l i t y  f o r  t h e  va r ious  t a s k s  of t he  SPRA progrsm will be divided 
i n t o  t h e  following mnjor ? r e a s  under t h e  d i r e c t i o n  of t h e  Program Manager: 
Danagement, engineering, r e l i a b i l i t y ,  m?nuf;cturing, q u a l i t y  assur.mce, 
environmental t e s t ,  and purchasing. The gene ra l  breakdown of d u t i e s  under 
each of t h e s e  f u n c t i o n a l  arer7s i s  as l i s t e d  below. 

Management. - 
Planning m d  scheduling 
Progress monitoring m d  cont ro l  
Cost c o n t r o l  
Configuration c o n t r o l  
Customer l i a i s o n  
Documentc?tion 

5 
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Engineering. - 
Analysis 
Design m d  development 
Technical liaison 
Vehicle interface 
Breadboard "aFr i cati o:i 
Test and evalu3tion 
Drawings 2nd specific a t' ions 
Consultztion with manufacturing m d  product reliability 
Operations support  

Reliabilitg . - 
Parts selection 
Parts Fpplic2tion 
Pgrts ev?luztion 
PFrts specification 
Pprts vendor lipison 
Reliability prediction 
Trade-off ;In?lysis 
Reliability Fpportionment 
Failure analysis 
Design review 
SubcontrF; ct reliability requirements cnd control 
Reliability monitoring 
Design consult-tion ,nd support 

Manufacturing. - 
I- 

Preproduction control - design reviews 
FFcilities and tooling for fabrication Pnd assembly 
Coordination with pUrch?sing, engineerinp and nroduct reliability 
Personnel training 
Mmufacturing development 
Mat eriP2 Is management 
Second sourcing m d  subcontracting recommendptions 
Fabrication and assembly 
Shipping 

Environment91 Test. - 
Facilities and fixtures for environmental test 
Test planning ,-nd specification 
Environment21 tests 
Test rep0 rting 

&ur.lits Assurmce. - 
Monitoring of supplier qwlity assurance procedures 
Incoming parts, test m d  inspection 
Feeder test and inspection 
System Fcceptance test 
Process controls 
Field quality control 
Equipment support - calibration and repair 

7 
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Purchasing. - 

Proposal s o l i c i t a t i o n  and evaluat ion 
Negotiption 
Subcontr? c t  c o n t r o l  
Source s e l e c t i o n  
P a r t s  procurement 
Cost r e p o r t i n g  

P lmning  Network 

The flow c h a r t  of F i e r e  3 i l l u s t r a t e s  t h e  progress  and i n t e r p c t i o n  
of propram p c t i v i t i e s  from t h e  postu1;lted go-ahead d a t e  of January 1, 
1967, t o  t h e  1971 Mars launch window (5/10/71 through 6/29/71). 
Development of  subFssemblies and components i s  l i m i t e d  t o  ;Ipproximately 
one yepr .  
t e s t  programs us ing  f i n p l  configurpt ion hardware and beginning 1; y e a r s  
p r i o r  t o  t h e  ope rp t iona l  mission. 

This l i m i t a t i o n  allows time f o r  pay1o;rd m d  f l i g h t  system 

I! l i m i t e d  e f f o r t  i s  ind icp ted  P t  t h e  o u t s e t  f o r  completing system 
s p e c i f i c a t i o n s  and tuning t h e  design t o  requirements of a s p e c i f i c  
s e t  of  mission o p e r r t i o n p l  requirements and cons t r<? in t s .  
ove r l ap  of some aspec t s  of t h e  engineering model, prototype,  q u a l i f i c a t i o n  
u n i t ,  m d  f i n 3 1  u n i t  ph.-ses. 
compress t h e  o v e r F l l  schedule.  

The chpr t  shows 

This overlap i s  poss ib l e  and necessary t o  

It hps been Fssumed t h a t  t h e  p l t ime te r  would go ? l o f t  on 2 "free 
r i d e "  bpsis i n  ? l a n d e r  ep r th  e n t r y  mission during systerrrlcvel 
t e s t i n g .  
Such a program would yield l i t t l e  i f  m y  u s e f u l  i n f o r m t i o n  beyond 
t h - t  o b t , i n e d  by ground t e s t i n g .  

A s e p a r z t e  f l i g h t  test  progrpm i s  not  f e l t  t o  be j u s t i f i e d .  

? 
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MANAGEMENT PLAN 

With one except ion,  t h e  six major con t r ibu t ing  ?reas ? re  given i n  t h e  
following s e c t i o n s .  The exception, t h e  Rel izb i l i ty  m d  Q u a l i t y  [ s su rance  
P L m s .  a r e  presented i n  Volume I11 under t h ? t  t i t l e .  The p h n s  f o r  t h e  
rem;lining s r e a s  h m e  been divided i n t o  Mnn?gernent, Enpineering, Manuf-ctur- 
i n p ,  2nd Environment:l PualificF>tion Test, ;Ind a r e  presented i n  t h i s  and 
t h e  t h r e e  subsequent s e c t i o n s .  The schedulinp shown i n  t h e  previous s e c t i o n  
7pp l i e s  t o  ~11 p lans .  Cost inform-tion fol lows a t  t h e  end of t h i s  volume. 

Progmm Mc?n?ger 

To meet t h e  SPRA program ob jec t ives ,  2 m;ln?.pement te lm w i l l  be 
e s tgb l i shed  pnd operated under the  d i r e c t i o n  of a Program M?nager. The 
r e s p o n s i b i l i t i e s  of t h e  ProprFm Mpn-per include t h e  d i r e c t i o n ,  coordinpt ion,  
Pnd c o n t r o l  of ~ 1 1  progr?m Z c t i v i t i e s  of t h e  progr-m m2nFgement org;lniza- 
t i o n ,  -nd slso of  s l l  l i n e  personnel provided him from within t h e  f u n c t i o n a l  
departments.  He e s t a b l i s h e s  and d i r e c t s  d e t 7 i l  plpns,  budpets, Fnd schedules 
f o r  t h e  major d i v i s i o n s  of work, ,>nd he cont inu,- l ly  - s s e s s e s  p rogres s  made 
i n  r e h t i o n s h i p  t o  technicP1, cos t ,  rnd schedule o b j e c t i v e s .  The Progrrm 
Mmaper d i r e c t s  p a r t i c u l a r  F t t en t ion  t o  t h e  meeting of equipment performance 
2nd r e l i a b i l i t y  goals. He con t inua l ly  p r e d i c t s  Fnd f o r e w s t s  problems, 
s l i ppages  and acce le rp t ions  of phmses LO t o p  management of t h e  Aerospace 
Division, and he i n s t i t u t e s  procedures t o  o f f s e t  t h e  problems which Zrise. 
It is  a l s o  h i s  r e s p o n s i b i l i t y  t o  e s t a b l i s h  md mc?intain Fn e f f e c t i v e  l i n e  
of communic;ition with NASL during t h e  program. 

Configurption Control Procedures 

The Program Manager i s  responsible  f o r  mnncigement of t h e  a l t i m e t e r  
configuret ion.  
procedures.  During t h e  e a r l y  development s t a g e s ,  emphasis i s  on i d e n t i -  
f i c z t i o n  and c o n t r o l  of t h e  s p e c i f i c a t i o n s  2nd drawings de f in ing  i n t e r f p c e  
between t h e  a l t i m e t e r  and o t h e r  payload subsystems. 
pe r iod  of t h e  development t h e  problems of managing t h e  conf igu ra t ion  of  
t h e  production equipment ? r e  a n t i c i p t e d ,  m d  he c p r e f u l l y  i d e n t i f i e s  and 
c o n t r o l s  a l l  end i tems m?king up t h e  equipment. 

He determines configurpt ion mFnFgement requirements and 

During t h e  l a t e r  

' t t h i s  po in t  r' Configuration Control Board i s  e s t r b l i s h e d .  The 
Program Maneger p c t s  a s  ch2irmc.n with r ep resen tF t ion  from Engineering, 
Manufacturing, m d  Product R e l i a b i l i t y .  The Board ?ssumes r e s p o n s i b i l i t y  
f o r  t h e  formulat ion,  issuance,  and maintenance of r l l  con f igu rz t ion  
mpnegement documentption. 
drawings must be zpproved by the Board before  they  can be inco rpora t ed .  

A l l  r e v i s i o n  n o t i c e s  t o  s p e c i f i c 2 t i o n s  and 

Documentt-tion 

A func t ion  of t h e  Management o rgan iza t ion  i s  t o  plan and fol low t h e  
Delivered documents w i l l  p r e p a r a t i o n  of ell c o n t r a c t u a l  documentstion. 
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include the following: 

Revised Plzlnning Document - an updated version of the 
Program Plan reflecting m y  scheduling rdjustments 
or performance requirement chmges necessary to 
rccommodate r? specific mission. 

Specifications 

. Altimeter system specificFtion m d  interfpce definition 

. Submit specification 

. Subcontract and purchP.sed part specifications 
lipproved PPrts List 

Reliability Apportionment Report 

Engineering Model Mechanizption Report 

Engineering Model Test Report 

Reliability Estimate 

Failure Effects Pnalysis 

Prototype Design Report 

Prototype Drpwings 

Failure Reports 

Design Review Reports 

Final Mechanization Report 

Qualification Test Specifications 

Acceptance Test Specifications 

Test Reports 

Monthly Status Reports 

18) Final Report 
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ENGIPJEERING PL ?N 

Engineering and F e l i a b i l i t y  

F l  i.ie a l t i r e l .  er en,:i?eeriqg t a s k  encompasses th.: two bas i c  e l enen t s  of 
system 911~ineerin-  and s; stem c‘esi Tn. The s7ste.n Dnp?eerinz t as’t addresses 
i t s e l f  + o  s:stem req i i ren  n5s as detern i19d  k, y i s s i o q  o’-:wtiT-es, t o  proper 
consiclei-ation 0,’ t h y  i n t P r r a c e  w;,t’ri ot:ier Fa; load siu’ s; sterns z - ~ d  t o  ~ : r o v i d j n ~  
adta proper e o n f j  4u ra t ion  control .  T’ie S : r s t e m  desizn tas ’ l  s t r e s s e s  t h e  
irrportance 0’’ rn76tiqg perrorTarice avi p’7ysical c h a r a c t e r i s t i c s  7031s. 

Proper plrnning m d  organizat ion - lone w i l l  not  7ssure success fu l  com- 
p l e t i o n  of t h e  F r o j e c t  without Pdequate monitoring and l i r i s o n .  Design 
engineers  must hpve t h e  opportuni ty  t o  d i scuss  t h e i r  designs with o t h e r  
experienced engineers .  
comyonents. Suprort  of t h e  manuf-cturing ?nd l o p i s t i c s  proprpms i s  included 
i n  t h e  engineering t a s k .  

They must ?lso fol low t h e  t e s t  Froprpm f o r  t h e i r  

F e l i p b i l i t y  p h n s  a r e  discussed i n  d e t - i l  i n  Volume 111. However, because 
of t h e  interp1i.y between r e l i ? b i l i t y  P c t i v i t i e s  7nd o t h e r  engineering func t ions ,  
i t  i s  qqx-opri- te  t o  mention t h e  r e l i p b i l i t y  e f f o r t  h e r e .  The R e l i a b i l i t y  
Engineerinp n-ouy h F s  t h e  Puthori ty  and orgTnizqtion necessary t o  provide 
e f f e c t i v e  c o n t r o l  of r e l i p b i l i t p  during a11 phrses of t h e  p r o p x n .  The 
primary r e s F o n s i b i l i t y  of t b i s  grouy i s  t o  provide f o r  r e l i p b i l i t y  during 
desipn 2nd development by de f in ing  ,3nd i n t e r p r e t i n g  c o n t r i c t u - 1  r e l i P b i l i t y  
requirements and by providinp spec ip l i zed  consu l tp t ion  -nd a s s i s t a n c e  t o  
des ign  r e r sonne l .  Timely recommend2tions t o  -11 o t h e r  depprtments - r e  m?de 
throuqhout t k e  progrpm t o  issist  i n  meeting r e l i a b i l i t y  requirements.  

The f i r s t  p o r t i o n  of t he  proprpm w i l l  be devoted t o  confirmrt ion of system 
requirements,  d e t 2 i l e d  d e f i n i t i o n  o f  i n t e r f r c e s ,  and Eener?tion of d e t F i l e d  
sub-ssembly s p e c i f i c a t i o n s .  
en r inee r inp  model -7nd subcontr,Tcts w i l l  be l e t .  
engineering-model phase i s  t o  prove proper e l e c t r i c 7 1  i n t e p x t i o n  of sub- 
assemblies and -erformance under l ?born to ry  2nd temFerFture environments. 
Concurrently,  meck7nic;ll h y o u t  -nd therm;.l desipn w i l l  begin f o r  t h e  proto- 
type. 

Sub-ssemblies w i l l  be bre2”dboarded f o r  t h e  
The p r h ? r y  func t ion  of t h e  

1 n i t i . l  therm21 s t u d i e s  and con t ro l  procedures hps been bFsea upon d2ta 
-v- . i lsble  during t k e  < T l t h e t e r  design study: t h i s  i s  c lose  enough f o r  b ? s i c  
determinpt ions.  However t h e  finr.1 InP lys i s  must be bssed upon t h e  u l t imp te  
thermFl condi t ions which will exist  i n  t h e  f i n - 1  spFcecrPft .  Therefore a 
comprehensive thermPl study W i l l  be performed during t h e  prototype design 
-h;se when t h e  spacecrpf t  thermal c o n t r o l  hFs been e s tpb l i shed .  This s tudy 
w i l l  ensure t h ? t  -11 components work wi th in  t h e i r  pcceptzble range end t h a t  
only t h e  necessary minor therm21 design chenges are made i n  t h e  p l t h e t e r .  

’Jthough t h e  bes i c  packaping desipn hPs been s r r i v e d  -t p 5 o r  t o  t h e  
hardware development progrcm, c e r t a i n  s p e c i f i c  d e t a i l s  of t h ? t  design will 
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h w e  t o  be def ined during t h e  prototype phqse. 
t o  t h i s :  (1) ~ d v a n t ~ p e  should be t?ken of t h e  l 2 t e s t  technique advances: 
(2) f i n a l  a l t imeter  ?nd Pntennq configurption m d  placement must be based 
on t h e  spacec ra f t  design: (3) e l e c t r i c a l  m d  mechnnicrl i n t e r f a c e  problems 
must be resolved as o v e r p l l  design progresses;  and ( 4 )  some a r e a s  r e q u i r e  
more depth of i n v e s t i p t i o n  than i s  possible  durinF t h e  s tudy pe r iod .  
Examples of d e t p i l s  t h a t  must be resolved during t h e  prototype per iod a r e :  

S e v e r a l  f a c t o r s  c o n t r i b u t e  

( P )  pmtenn? Window - The engineerinp group must s e l e c t  pnd t e s t  t h e  
most promising w n d i d a t e  m p t e r i a l s .  
radome w i l l  be p p a r t  of t h e  hept  sh i e ld ,  support will be given t h e  h e a t  
s h i e l d  c o n t r a c t o r .  

Although it h a s  been assumed t h P t  t h e  

(b) High Volt.ge Prcing - Possible  rircing of t h e  TWT hiph vol tage 
must be prevented by proper design of Vie HVPS modulator-TWT i n t e r f ? c e  
p lus  s u i t F b l e  encppsulat ion.  Models of candidste  d e s i g m w i l l  be b u i l t  
-nd t e s t e d  t o  Assure proper p ro tec t ion .  

( c )  
i n p  concept, s e v e r a l  i n t e rconnec t ion  techniques are  p o s s i b l e .  
most promising technique has been s e l e c t e d  during t h e  cu r ren t  study, t h i s  
area should be reviewed before  t h e  design i s  r e l e s sed  f o r  manuf?cture. 

I n t e m t e d  C i r c u i t  Interconnect ion - Within t h e  same bps i c  packpg- 
Although t h e  

(d) m n e t i c  S t r a y  F i e l d  Compensption - Compensption i s  recommended 
t o  pre5re:!t t h e  TWT mpgnetic f i e l d  from i n t e r f e r i n p  with t h e  magnetometer. 
This i s  a " l i n e  of s i g h t "  func t ion ,  -nd can be e s t a b l i s h e d  only when t h e  
sp;.cecr?ft configurFt ion hps been s e t .  
t e s t e d  t o  ensure ,good i s o L ~ t i o n .  

Mechmical mock-ups must be 

Prototype confipurpt ion w i l l  be R S  i d e n t i c a l  as p o s s i b l e  t o  t h e  
f i n p l  models. T11is po l i cy  will reveal  problem <-reas a t  a;i e a r l y  s tpge  and 
w i l l  s imp l i fy  t h e  t r m s i t i o n  
two prototypes w i l l  be used f o r  comprehensive bench Pnd tempewture t e s t -  
i n p .  
mech2nical ,.nd e l e c t r i c a l  i n t e r f F c i n g .  Necessary chmges  w i l l  be incor- 
po r - t ed  i n  t h e  q u ? l i f i c p t i o n , t e s t  models: t e s t i n g  of which i s  descr ibed 
i n  t h e  Environment?l Test s e c t i o n .  

t o  production of f i n n l  u n i t s .  One of t h e  

The second w i l l  be de l ive red  f o r  p?ylo?d i n t e e r a t i o n  f o r  checkout of 

Engineering l i 2 i s o n  w i l l  be provided f o r  t h e  q u p l i f i c a t i o n  program 
and for f a b r i c a t i o n  2nd t e s t i n g  durinp t h e  rempinder of t h e  progrprn. 
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MPAUFACTURING PLAN 

Orpaniz;? t i o n  

The D i r e c t o r  of Manuf<-cturing has t o t a l  r e s p o n s i b i l i t y  for t h e  f ? b r i c ? -  
t i o n  ?nd Fssembly of 911 r e tp ined  and d e l i v e r a b l e  : l l t imeters .  Responsible 
t o  him - r e  t h e  manpower m d  f a c i l i t i e s  of t h e  Aerospace Division ManufPctur- 
i n g  Dep2rtment required f o r  ,md a l l o c a t e d  t o  t h e  SPRR p r o p v m .  f i  staff of  
s p e c i F l i s t s ,  pcquired from t h e  f u n c t i o n ? l  subsect ions of t h e  Mmuf2cturing 
Depr tment ,  provides a d d i t i o m l  d m i n i s t r g t i v e  and t echn ic21  , Iss is tance as 
necessary.  

Figure 4 shows t h e  organizat ion of  t h e  department -nd i t s  i n t e r r e l a t i o n -  
s h i p  with t h e  Propram Of f i ce .  The Di rec to r  of Manufncturinp pnd h i s  s t a f f  
p p r t i c i p a t e  i n  design reviews t o  ensure t h a t  t h e  design i s  compatible with 
good mznufacturing p r a c t i c e s .  I n  r d d i t i o n  t o  h i s  r e g u l p r  d u t i e s  of  plpnning 
. n d  schedulinp worklopd, c o n t r o l l i n p  manufacturing expendi tures ,  2nd a s su r ing  
t h n t  -11 mmuf?cturinp-rel(&ed c o n t r < ? c t w l  ob l ipa t ions  a r e  s a t i s f i e d  wi th in  
c o s t  -nd deliveSy p?rFmeters, t h e  Di rec to r  of Manufacturinp: 

issists Mnnuf<Tcturinp Department hezds i n  t h e  plpnninp of 
t h e i r  , c t i v i t i e s  t o  conform t o  contrpct  requirements.  

I!onitors t h e  Mrnuf,? c t u r i n g  DepFrtment FroprPrn t o  ensure 
complimce with customer requirements.  

Coordinates t h e  a c t i v i t i e s  of o t h e r  departments such as 
Engineerinp, Product F e l i a b i l i t y ,  Purchasinp, Accountinr 
and I n d u s t r i a l  Re la t ions  i n  a l l  phases a f f e c t i n g  manufactur- 
i n g  o r e r a t i o n s  and p r o d u c i b i l i t y .  

Prepares  for t h e  Propram Nanager va r ious  s t a t u s  and summary 
r e p o r t s  r e l a t i n g  t o  all phases of t h e  Manufacturinp propram. 

Recommends and d i r e c t s  appropriate  a c t i o n s  brought about by 
changing condi t ions of manufacturinp development and customer 
r e q u e s t s .  

Reviews and recommands manufacturinp a c t i o n s  r e l a t i v e  t o  
schedules,  f a c i l i t i e s ,  t oo l ing ,  c o s t s ,  and engineerinp 
changes. 

Recommends second-sourcing and subcontract ing where zpp l i cab le .  

Develops and ass is ts  i n  s p e c i a l  programs of t r a i n i n g  and c e r t i -  
f i c a t i o n  with a view towards extra motivat ion of involved nersonnel.  

D i r e c t s  t h e  placement of  purchase r eques t s  t o  Purchasing f u r  all 
m a t e r i a l  and purchased p a r t s  required on t h e  Program. 

Maintains ultrareliability-oriented working condi t ions and p a r t s  
c o n t r o l .  
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YINUFACTURING 
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AUTH ORlTY '-------I 

I I 
YANUFACTURING INMISTRIAL YANUFACTURING 

J MATE RIAL OIRECTOR OF 

k)  D i rec t s  t h e  prepara t ion  and maintenance 0 :  a l l  manufacturing 
records such as s t o r e s  i s sues ,  r e c e i p t s ,  cos t  r epor t s ,  con- 
f i g u r a t i o n  cont ro l ,  product r e l i a b i l i t y  cont ro l ,  schedules ,  
and purchased and subcontracted p a r t s  records .  

YANUFACTURING 

PROGRAM 
M A N A G E R  

PLANNING ENGlNEERlffi OPERATIONS Y A N AGE M EN1 
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I 
F I N A L  
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MANUFACTURING INFO TOOL PLANNING 
EXPEDITING *TOOL DESIGN 
YATERIAL TMX YAWFlYSrVRlKj 

PACKAGING AN0 
PROCUREYENT FACTORY LAYOUT 

SHIPPING 

TOOLING 0 FEEMRYFG 
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DRAWING REVIEW ~~~w~~~ 
METHODS AN0 

TIME STUDY 
i PROCESSES . OPERATION 

SEOUENCE 

FIGURE 4 .  - 14.ANUFACTURIDJC- DEPAR"E?JT ORGANIZATION 

As t h e  program changes from the  prototype and preproduction phases 
i n t o  production, t h e  manufacturing organiza t ion  w i l l  change but  s l i g h t l y ,  
p r imar i ly  through t h e  gradual  addi t ion  of s p e c i a l i s t s  from f u n c t i o n a l  
departments as d i c t a t e d  by t h e  program needs. This will ensure pro- 
duc t ion  con t inu i ty  i n  t h e  t r a n s i t i o n  from development t o  f u l l  production 
d e l i v e r y  rates.  

D i r e c t l y  respons ib le  t o  t h e  Director  of Manufacturing will be a 
Foreman of Assembly and a Supervisor of Production and Planning. 
t h e  pro to type  and preproduction phases, t h i s  w i l l  be minimal staff com- 
mensurate with t h e  required e f f o r t .  
t h e  staff  w i l l  be increased  and areas of r e s p o n s i b i l i t y  ass igned t o  
i n d i v i d u a l  foremen by subassembly breakdown. 

During 

Moving i n t o  t h e  production phase, 
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F a c i l i t i e s  and Tooling 

The radar a l t i m e t e r  will be f a b r i c a t e d  us ing  t h e  Westinghouse Quick 
React ion Capab i l i t y .  
t o  f a b r i c a t i o n  and reduces t h e  amount of hard t o o l i n g  r equ i r ed .  I n  add i t ion ,  
t h i s  approach f a c i l i t a t e s  t h e  fas t  r eac t ion  f o r  t h e  changing needs, engineer- 
i n g  o r  manufacturing, t h a t  are so necessary f o r  s u c c e s s f u l  schedule compliance. 

This approach m a k e s  f u l l  u se  of  t h e  u n i v e r s a l  approach 

In-Plant F a c i l i t i e s .  - The Aerospace Manufacturing Department provides  
shop c a p a b i l i t y  which inc ludes  machining of p a r t s  ranging from t h e  more com- 
p l ex  p r e c i s i o n  p a r t s  t o  t h e  less  c r i t i c a l  p a r t s .  
perf o m  machining ( tu rn ing ,  m i l l i n g ,  gr inding,  d r i l l i n g  , boring , forming, 
p i e rc inF ,  e t c . )  of f e r r o u s  and nonferrous materials t o  t h e  exact ing t o l e r -  
ances required f o r  t h e  a l t i m e t e r .  No component p a r t s  o r  f e e d e r  i tems w i l l  
be manufactured in-house t h a t  can be more r e a d i l y  procured a t  a lower c o s t .  

Capab i l i t y  e x i s t s  t o  

liestinghouse equipment covers the needs of u n i v e r s a l  short-run, prototype 
and preproduction phases of t h e  Radar Alt imeter ;  a l s o  high volume require-  
ments. Included are s tandard machine t o o l s ,  and semiautomatic and automatic 
tape-control led equipment. 
meter would d i c t a t e  t h e  exact  equipment t o  perform a p a r t i c u l a r  ope ra t ion .  
Aerospace a l s o  has t h e  f a c i l i t i e s  and experience t o  perform extremely accu ra t e  
mechanical assemblies.  

Schedule and volume requirements of t h e  a l t i -  

1,Jelded liiodule Assembly - - Westinphouse has  developed t h e  f a c i l i t i e s  
and procedures of hiph d e n s i t y  packaginc f o r  welded e l e c t r o n i c  modules. 
Although t h e s e  techniques are new and advanced, t hey  are now standard oper- 
a t i n g  procedures a t  Westinghouse and a r e  r e a d i l y  adaptable  f o r  t h e  i n t e r -  
connection of t h e  a l t i m e t e r  Ceramic I n t e g r a t e d  C i r c u i t  (CIC) Packs. A l l  
phases of module manufacture are performed in-house and include f i l m  p r i n t -  
i n g  and punching, component assembly, machining and p l a t i n g  of t e r m i n a l  pins ,  
r ibbon performing, welding, molding of s h e l l s  and headers,  embedment, and 
t a p e  con t ro l l ed  t e s t i n g .  Encapsulation, embedment, and p o t t i n g  are performed 
i n  an area completely equipped f o r  a l l  types  of environmental p r o t e c t i v e  
molding. Automatic mixing and dispensinp machines handle f i l l e d  and un- 
f i l l e d  m a t e r i a l s  and can pour under vacuum i f  r equ i r ed .  
s i n g l e  as well  as mult icycle  curing a r e  p r e c i s i o n  c o n t r o l l e d .  
f a c i l i t i e s  will be used f o r  t h e  manufacture of assemblies r equ i r ing  welded 
in t e rconnec t ion .  The module assembly a r e a  i s  contained wi th in  t h e  p r i n t e d  
c i r c u i t  f a c i l i t y .  

Ovens f o r  preheat ing 
The foregoing 

P r i n t e d  C i r c u i t  F a c i l i t y  - - T h i s  20,000-square-foot f a c i l i t y  has  t h e  

The a r e a  i s  
most modern equipment f o r  p r i n t e d  c i r c u i t  board f a b r i c a t i o n ,  assembly, and 
t e s t ,  with a production capac i ty  of 30,000 boards p e r  month. 
environmentally con t ro l l ed ,  with recessed l i g h t i n g  and t i l e  f l o o r  t o  reduce 
product contamination. The var ious operat ions of t h e  process are performed 
i n  s e p a r a t e  rooms. 

I n t e g r a t e d  C i r c u i t s  - - The C I C  Packs w i l l  be f a b r i c a t e d  and assembled 
i n  a clean room ( o t h e r  than t h a t  used f o r  F i n a l  Assembly) of t h e  100,000 
leve l .  It will con ta in  a l l  t h e  f a c i l i t i e s  necessary from etching t h e  c i r -  
c u i t s  on t h e  ceramic bases t o  performance of assembly and t e s t  ope ra t ions .  
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F i n a l  Assembly and Test - - Clean room manufacturing and t e s t  environ- 

ments a r e  a v a i l a b l e  a t  Westinghouse f o r  use on t h e  SPRA manufacturing pro- 
gram. Clean rooms a r e  i s o l a t e d  from manufacturing processes t h a t  might 
cause environmental contamination. The clean room a l l o t t e d  t o  and 
reserved f o r  t h e  Radar Al t imeter  i s  under r i g i d  environmental c o n t r o l  and 
meets t h e  requirements of Federal  Standard 209 - Class 100,000 Clean Room. 
This room i s  air conditioned t o  maintain a temperature of 70 2'F, and a 
r e l a t i v e  humidity of 45 2 5 percent .  
r e g u l a r  b a s i s  and access i s  con t ro l l ed  and l i m i t e d .  Before e n t e r i n g  t h e  
c lean  room a l l  SPRA p a r t s  and materials w i l l  be cleaned and in spec ted  i n  
s p e c i a l  r ece iv ing  a reas .  
a l l  p a r t s  and ma te r i a l s  t h a t  e n t e r  t h e  manufacturing process i n  t h i s  clean 
room and o t h e r  assembly a reas .  

Dust counts a r e  performed on a 

Controlled environment s torage  a r e a s  w i l l  s t o r e  

--- New Eggipmenk. - A review of t he  proposed SPRA design and packagin? 
r e v e a l s  t h e  need f o r  some new equipment which i s  p r e s e n t l y  being i n s t a l l e d  
and w i l l  be complete before t h e  end of  1967. The processes and procedures 
f o r  f a b r i c a t i n c  assemblies of t h e  C I C  Packs have been developed and Pro- 
duc t ion  f a c i l i t i e s  w i l l  be a v a i l a b l e  as s t a t e d  above. 
major i tems required f o r  t h e s e  assemblies i s  as fol lows:  

A l i s t i n g  of those 

Thermo-compression wire bonder and hydrogen genera tor .  
R e s i s t  spinner  
R e s i s t  a p p l i c a t o r  
Nask alignment machine 
Vacuum b&e o v m  
Bake oven 
Spray e t c h e r  
P l a t i n g  tanks  
Spray developer 
Ul t r a son ic  vapor degreaser  
U l t r a son ic  c leaner  
Package s e a l i n g  machine 
Microscopes 
I t iscel laneous hot  p l a t e s ,  t imers ,  d e s i c c a t o r s ,  and small t o o l s .  
Clean room (100,000 l e v e l )  
Film s i z e r  
Fixed reduct ion camera and exposure uni t  
Die bonder 

-- F a c i l i k  A v a i l a b i l i t z .  - The Radar Altimeter w i l l  be produced i n  t h e  
Aerospace Div is ion  Manufacturing f a c i l i t y  a t  the  Friendship Airport  s i t e  
of t h e  Westinghouse Defense and Space Center. The ma jo r i ty  of t h e  f e e d e r  
i tems w i l l  be manufactured in-house. The f a c t o r y  f l o o r  space, f a c i l i t i e s ,  
and o t h e r  c a p i t a l  equipment required,  a l ready e f i s t  and w i l l  be a v a i l a b l e  
i n  t h e  t ime per iods required.  The &t imeter  production has been planned, 
and t h e  l a y o u t  of f a c t o r y  feeder ,  assembly, and t e s t  areas i n d i c a t e s  t h a t  
c a p a c i t y  f o r  t h e  q u a n t i t i e s  of t hose  requested i s  a v a i l a b l e .  

Product ion capac i ty  of t h e  Aerospace Manufacturing Department i s  
measured i n  terms of production employees and s h i f t - b a s i s .  Ex i s t ing  
c a p a c i t y  i s  4500 production employees on a t h r e e - s h i f t  b a s i s .  Maximum 

18 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



U N C L A S S I F I E D  @- 
capac i ty  of t h e  Aerospace Manufacturing f a c i l i t y  can be e f f e c t i v e l y  expanded 
by o t h e r  assets of t h e  Westinghouse Defense and Space Center complex, such 
as t h e  Surface and Underseas Divisions.  
condi t ions ensure a v a i l a b i l i t y  of f a c i l i t i e s  t o  adequately accommodate t h e  
altimeter program. 

Present  and a n t i c i p a t e d  loading 

F i p r e  5 d e p i c t s  t h e  flow of work and m a t e r i a l s  from incominp i n s p e c t i o n  
through f e e d e r  manufacturing, subassembly, assembly, t e s t ,  and shipping.  
The p a r t s  and assemblies i n  t h e  manufacturing cycle  flow i n  an o r d e r l y  manner 
from ope ra t ion  t o  ope ra t ion .  

Toolin& - The Quick Reaction Capabi l i ty  minjmizes t h e  need f o r  hard 
t o o l i n g .  
f a b r i c a t e d  from Universal  setups.  
dimensional or handling requirements d i c t a t e  t h e i r  needs.  

Only such too1.s as molds w i l l  be f a b r i c a t e d .  llost p a r t s  w i l l  be 
Assembly t o o l s  w i l l  be used only where 

1,roduc t i o n  

Manuf acturinp; ICgthods .- Tried and proven manuf a c t u r i n p  methods will be 
Westinghouse has experience i n  a l l  

3ecause of  t h i s  

used t o  f a b r i c a t e  t h e  r a d a r  a l t i m e t e r .  
of t h e  l a t e s t  techniques f o r  f a b r i c a t i n p  and assemblinf h i y h - r e l i a b i l i t y  
e l e c t r o n i c  space equipment as we l l  as a i rbo rne  equipment. 
background, no new or unusual manufacturinr techniques,  o t h e r  thar? those  
h igh l igh ted  i n  t h e  Chip Assembly Clean Poom, will be required t o  accommodate 
t h e  design of t h e  Radar Alt imeter .  

Material-. - Fitpure 5 i l l u s t r a t e s  t h e  m a t e r i a l  f low of raw m a t e r i a l s ,  
purchased p a r t s ,  and f a b r i c a t e d  p a r t s  and assemblies with t h e  r e spec t ive  
i n s p e c t i o n  p o i n t s .  To maintain proper c o n t r o l  of p a r t s  and ass’emblies, a 
p r o j e c t  storeroom w i l l  be e s t ab l i shed  f o r  t h e  s to rape  exc lus ive ly  of SPRA 
purchased p a r t s  and raw m a t e r i a l s .  

Production Control .  - Production c o n t r o l  will be responsible  f o r  material 
c o n t r o l ,  product fo l low,  dispatching,  and t h e  co-ordination of t hose  i tems 
common t o  t h e  Product R e l i a b i l i t y  and Manufacturing Departments. 
and complexity of components d i c t a t e  c lose  and s t r i f igent  m a t e r i a l  c o n t r o l .  
R e l i a b l e ,  e f f i c i e n t ,  and on-schedule f a b r i c a t i o n  and assembly of t h e  Radar 
Al t ime te r  will be assured by t h e  a v a i l a b i l i t y  and use of one of t h e  most 
advanced manufacturing c o n t r o l  systems i n  t h e  Aerospace Indus t ry .  
Westinghouse Iiechanized Production Control System i s  a means of maintaining 
complete and efCect ive c o n t r o l  of the flow of a l l  work and cu r ren t  s t a t u s  
of a l l  f a b r i c a t e d  items on a d a i l y  b a s i s  a t  each work s t a t i o n .  

The value 

This 

This mechanized system captures a l l  p e r t i n e n t  information such as con- 
t r a c t  charges,  p a r t  numbers, q u a n t i t i e s ,  and operat ions on punched cards .  
S e p a r a t e  cards  are c rea t ed  f o r  each ope ra t ion  required by t h e  Standard 
I n s t r u c t i o n  Sheet  (SIS) .  Each a l t i m e t e r  i t em f a b r i c a t e d  i n  t h e  Aerospace 
D i v i s i o n  Shop will have a job pack (system cards  and SIS) c rea t ed  f o r  and 
a s s o c i a t e d  with it. Shop production c o n t r o l  r e l e a s e s  t h e  job pack t o  t h e  
s toreroom f o r  release of t h e  raw m a t e r i a l  as scheduled by t h e  planning group. 
When t h e  material i s  r e l eased  t o  t h e  f i rs t  operat ion,  t h e  Production Release 
Card i s  pu l l ed  from t h e  job pack and submitted back t o  shop production con- 
t r o l  f o r  updating t h e  master f i l e .  

AEROSPACE DIVISION 
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Upon completion of each operat ion,  t h e  m a t e r i a l ,  job pack, and drawing 

are submitted t o  Product R e l i a b i l i t y  in spec t ion .  
requirement of t h e  drawinp and SIS ,  t h e  i n s p e c t o r  w i l l  approve t h e  opera- 
t i o n  on t h e  Inspec t ion  Control Card and t h e  Fay Card. The Inspec to r  t hen  
d i a l s  i n t o  t h e  1134 357 Input  S t a t i o n  such v a r i a b l e  information as se tup  
t i m e ,  run time, and q u a n t i t y .  This information and t h e  o t h e r  information 
on t h e  Pay Card i s  t r ansmi t t ed  v i a  cab le  t o  an IWi 026 Cutput S t a t i o n  i n  
t h e  Shop Production Control Off ice .  
Control  357 Output Cards which are  submitted t o  t h e  computer ope ra t ion  on 
a d a i l y  b a s i s  f o r  t h e  c r e a t i o n  of d a i l y  and weekly s t a t u s  r e p o r t s .  After 
t h e  ope ra t ion  i s  paid o f f ,  t h e  ma te r i a l  and t h e  balance of t h e  job paxk 
flow through a l l  o t h e r  s equen t i a l  ope ra t ions  c a l l e d  o u t  on t h e  SIS u n t i l  
completion. 
System usinfr t h e  Storeroom ReceiFt Card. 

I f  t h e  m a t e r i a l  meets t h e  

The output s t a t i o n  c r e a t e s  Production 

A t  t h a t  t h e  it i s  entered i n t o  t h e  Work-in-Frocess Inventory 

The d a i l y  l a b o r  e f f i c i e n c y  and schedule s t a t u s  r e p o r t s  c r ea t ed  by t h e  
357 Output Cards update t h e  Shop Production Master f i l e .  
are a l s o  used by t h e  Production Department ( a )  t o  determine t h e  s t a t u s  of 
t h e  job as compared t o  t h e  o v e r a l l  master production schedule,  and (b) t o  
review t h e  job with shoy manufacturinp peoyle durinp bi-weekly meetings 
and t o  make dec i s ions  as t o  production s p l i t s ,  c r i t i c a l  items, overdues, 
e t c .  I n  add i t ion ,  t h e  Accountinp Department uses  a l l  l a b o r  information 
c o n t r o l  output cards  t o  charge the app l i cab le  l a b o r  hours t o  t h e  var ious 
c o n t r a c t s .  

These r e p o r t s  

Usinp t h e  Production Kas te r  F i l e ,  i t  i s  poss ib l e  t o  o b t a i n  Contract 
H i s to ry ,  Cost-to-Complete, Schedule S t a t u s ,  or Sect ion Loading as r equ i r ed ,  
Thus, Manapement h a s  t h e  d a t a  necessary t o  i d e n t i f y  work-in-process s t a t u s  
i n e f f i c i e n c i e s  and t o  f a c i l i t a t e  t h e  p repa ra t ion  of propram v i s i b i l i t y  
a.ids such as t h e  Line of Balance. Usinp t h e s e  t o o l s ,  Planagement i s  ab le  
t o  cope w i t h  s i t u a t i o n s  as they occur.  

Flow Chart .  - Both purchased and manufactured p a r t s  a r e  s t o r e d  and 
c o n t G l l e d  from c lean  rooms. 
a re  cleaned p r i o r  t o  t h e i r  r e tu rn ,  t hus  maintaining t h e  c l e a n l i n e s s  l e v e l  
of  t h e  p a r t i c u l a r  c lean room involved. A l o p i c a 1  flow of a l t i m e t e r  p a r t s  
i s  dep ic t ed  i n  t h e  flow c h a r t  of Figure 6 .  

Fa r t s  r equ i r inp  assembly o u t s i d e  t h i s  a r e a  

Mate r i a l s  Handling. - The followinp a r e  typical .  Frocedures f o r  
handl inp Space-Categorized Assemblies: 

1) 
rooms. 

P ro jec t  personnel r e l ease  production m a t e r i a l  from Fro j e c t  s to re -  

2) Each r e l e a s e  i s  pac>.aped f o r  b e s t  p r o t e c t i o n .  Parts and components 
are packed i n  i n d i v i d u a l  p l a s t i c  bags and separated d i v i d e r s  as required 
t o  prevent contact  damage. Each r e l e a s e  i s  packed i n  a s tandard p l a s t i c  
t o t e  box and sealed with a c l e a r  p l a s t i c  dus t  cover f o r  contamination 
p r o t e c t i o n  during t r a n s p o r t a t i o n  and preassembly s t o r a g e .  
i t y  seals t h e  t o t e  boxes. 

Product Re l i ab i l -  
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3) Production provides ma te r i a l  i n spec t ion  lot-number information 

with each r e l e a s e .  
I d e n t i c a l  p a r t s  t h a t  have d i f f e r e n t  l o t  numbers are kept  s e p a r a t e .  

I n d i v i d u a l  materials must be i d e n t i f i e d  by l o t  number. 

4 )  Pro jec t  Froduction suppl ies  a s e p a r a t e  Control Sheet f o r  each 
assembly i n  t h e  r e l e a s e ,  and records t h e  followinK information on t h e  
s h e e t s  : 

a )  
b) Drawing number, r ev i s ion  of drawing, M-number 

S e r i a l  number assigned by p r o j e c t  personnel;  

and any outs tanding r e v i s i o n  n o t i c e s  including 
break-in p o i n t ,  and t h e  a p r r o p r i a t e  process 
s p e c i f i c a t i o n s  : and 
Drawing and i t e m  number o r  i d e n t i f i c a t i o n  number 
of a l l  ma te r i a l  required.  The Control Sheet 
phys i ca l ly  accompanies each assembly throuphout 
t h e  e n t i r e  manufacturinp cyc le .  A l l  e n t r i e s  are 
typed o r  w r i t t e n  i n  i n k .  Addit ional  s h e e t s  i f  
r equ i r ed  are s t ap led  t o  t h e  o r i p i n a l .  

c)  

5) P ro jec t ion  Inspec t ion  v e r i f i e s  t h a t  t h e  release aprees  with t h e  
foreeoinp requirements.  They a f f i x  s igna tu re ,  stamp, and d a t e  on t h e  
Control Sheets ,  and a t t a c h  the  s e a l  t o  t h e  t o t e  box y l ? . s t i c  cover.  T h i s  
seal  i s  broken only by t h e  next ope ra t ion  Area i n s p e c t o r .  

As s embly 

Clean Room Assembly Area.-The c l ean  room w i l l  be t h e  c o n t r o l  p o i n t  
f o r  materials, subassemblies, and assemblies f o r  h i s  program. 
a l t i m e t e r  assembly, t h e  system e l e c t r i c a l  performance tests,  and a l l  
F l igh t  Acceptance tests w i l l  be made in t h e  Class 100,000 c l ean  room. 
This precaution, p lus  t h e  reduction i n  microorganisns as a s i d e  e f f e c t  
of t h e  Sterilization/Decontamination c o m p a t i b i l i t y  tests,  combine t o  
ensure t h a t  t h e  t e rmina l  s t e r i l i z a t i o n  procedure w i l l  be e f f e c t i v e .  

The f i n a l  

- Clean R.oom Control .  - To e s t a b l i s h  and maintain a Class lOC,CIOcI 
c l ean  room, numerous requirements a r e  imposed on t h e  a rea ,  equipment, 
personnel,  m a t e r i a l s ,  con t ro l s  o r  operat ing procedures,  and maintenance 
techniques.  A complete l i s t i n g  of t h e s e  requirements appear i n  Appendix 
A .  Examples of t hese ,  however, are con t ro l l ed  a i r  condi t ioning and 
room p r e s s u r i z a t i o n ,  t r a f f i c  c o n t r o l  and adhesive f l o o r  mats a t  entrance,  
and s p e c i f i c a t i o n  of allowable wearing appa re l .  

Shipping 

The completed and t e s t e d  f l i g h t  hardware w i l l  be placed i n  i t s  
shipping con ta ine r  while i n  the  Class 100,OO c lean  room. 
Will be designed t o  maintain t h e  clean room environment t o  t h e  p o i n t  of 
d e l i v e r y .  

This c o n t a i n e r  

23 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



@- U N C L A S S I F I E D  

TEST PLAN 

This  s e c t i o n  gene ra l ly  describes Lhe a u a l i l i c a t i o n  t e s t  p l an  t o  be 
app l i ed  t o  t h e  Space Probe Altimeter 

General Conditions 

I n  pene ra l  t h e  planned q u a l i f i c a t i o n  t e s t s  w i l l  meet t h e  requirements 
of  MIL-STD-810A ( Y i l i t a r y  Standard Environmental Test Methods f o r  Aerospace & 
Ground Equipment) . However, s p e c i a l  environmental cons ide ra t ions  w i l l  be 
pa t t e rned  a f t e r  t h e  J e t  Propulsion Laboratory S p e c i f i c a t i o n s  30250B 
(Environmental S p e c i f i c a t i o n  Mariner C F l i g h t  Equipment Type Approval 
Environmental Test Procedures ) and VOL-50 503-ETS (Environmental Specif ica-  
t i o n  Voyager Capsule F l i g h t  Equipment Type Approval and F l i g h t  Acceptance 
Test Procedures f o r  t h e  Heat S t e r i l i z a t i o n  and Ethylene Oxide Decontamina- 
t i o n  Environments). Whenever poss ib l e  t h e  v i b r a t i o n  and dynamic loads  will 
simulate those  loads experienced on t h e  Sa tu rn  IB/Shrouded Centaur boos t e r .  

Test  S p e c i f i c a t i o n  

Detai led t e s t  s p e c i f i c a t i o n s  and procedures f o r  performing t h e  planned 
q u a l i f i c a t i o n  t e s t  program w i l l  be prepared. These documents w i l l  e s t a b l i s h  
s p e c i f i c  t e s t  parameters, d a t a  a c q u i s i t i o n  and a n a l y s i s  procedures, and t e s t  
s e t u p  c r i t e r i a .  

Mechanic a1 Inspec t  i o n  

Before and a f t e r  each environmental t e s t ,  t h e  t e s t  specimen w i l l  be 
in spec ted  t o  determine any physical  d i sc repanc ie s  r e s u l t i n g  from handling 
o r  t e s t i n g .  
t i o n s .  Equipment w i l l  be inspected f o r  f a i l u r e s ,  d i sc repanc ie s ,  o r  
i n d i c a t i o n s  of d i sc repanc ie s  including t h e  following: Correctness of equip- 
ment configurat ion,  c l e a n l i n e s s ,  d i s c o l o r a t i o n ,  moisture,  corrosion,  den t s ,  
s c r a t c h e s ,  chips ,  f r a c t u r e s ,  and loose  p a r t s .  

This i n s p e c t i o n  w i l l  be v i s u a l  a t  ambient l abora to ry  condi- 

General Performance Checks 

P re t e s t /pos t - t e s t  Performance check. - This check w i l l  provide tes t -  
specimen performance eva lua t ion  t o  expose any degradat ion which might occur  
du r ing  environmental t e s t i n g .  The t e s t  specimen will be operated be fo re  
and a f t e r  each environmental s imulat ion.  

Performance check. - If t h e  d e t a i l e d  s p e c i f i c a t i o n  r e q u i r e s  t h e  equip- 
ment t o  ope ra t e  during t h e  environment exposure, t hen  performance w i l l  be 
checked during t h e  environmental t e s t .  
descen t ,  t h e  t e s t  specimen w i l l  be operated t o  v e r i f y  performance parameters. 

During t h e  tests which simulate 

Q u a l i f i c a t i o n  Tests 

Thermal vacuum. - Westinghouse p l ans  thermal vacuum t e s t s  t o  real is t ical ly  
s imula t e  launch, space f l i g h t  and descent .  
i n  l i eu  of t h e  high-temperature low-pressure t e s t s  advocated i n  MIL-STD-810A, 

These t es t s  w i l l  be performed 
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and should more nea r ly  s imulate  t h e  environments t o  which t h e  a l t i m e t e r  
w i l l  be exposed. 
r e p d a t i n g  t h e  r a d i a t i v e  environment i n s i d e  a vacuum chamber usinp a 
combination of qua r t z  hea t  lamps and temperature-controlled shroud walls. 
To s imulate  launch condi t ions t h e  chamber p re s su re  w i l l  be reduced t o  
10 percent  of atmospheric p re s su re  i n  2.5 minutes or l e s s .  The a l t i m e t e r  
would no t  be required t o  ope ra t e  under t h i s  condi t ion bu t ,  r a t h e r ,  t o  
demonstrate i t s  s u r v i v a l  c a p a b i l i t i e s .  

The temperature of  t h e  a l t i m e t e r  w i l l  be con t ro l l ed  by 

The a l t i m e t e r  w i l l  be exposed approximately 3 days t o  a space environ- 
ment s imulat ion of what i t  w i l l  experience i n  t h e  s p a c e c r a f t .  
w i l l  be turned on and operated t o  determine i t s  s t a r t -up  c a p a b i l i t i e s  a f t e r  
a prolonped space f l i p h t .  
s a t i s f a c t o r y  ope ra t ion ,  and t h e  chamber pressure w i l l  then be increased t o  
an approximate a l t i t u d e  of 100,000 f e e t .  
s imulate  descent and demonstrate freedom from corona. 

Then it 

A l l  e l e c t r i c a l  r)arameters w i l l  be checked f o r  

This po r t ion  of t h e  t e s t  will 

_h- I ' roloxed L i f e  Le&.- The c : ~ ~ x ~ ?  ~ r c c c ' ~  .pe should provide a r e a l i s t i c  
t e s t ,  and no s i g n i f i c a n t  informaLion would be rained by exposiny t h e  u n i t  
t o  a l o n r  per iod of t ime a t  hiph vacuum. 
a d d i t i o n a l  and unnecessary c o s t s .  However, durinp t h e  cons t ruc t ion  of t h e  
a l t i m e t e r ,  materials w i l l  be avoided which demonstrate extreme vacuum 
ou tpass inp .  

Noreover, such a t e s t  would i n c u r  

--- Accelerat ion.  -- ---- - An a c c e l e r a t i o n  tes t  w i l l  demonstrate t h e  a l t i m e t e r ' s  
s t r u c t u r a l  i n t e g r i t y  during launch and i ts  a b i l i t y  t o  survive such an 
environment. 
b u t  w i l l  be checked for s a t i s f a c t o r y  operat ion followinp i t .  
of a c c e l e r a t i o n  will be t h e s e  sugpested for t h e  Saturn IB/Shrouded Centaur 
b o o s t e r .  
o r e r a t i n p  under t h e  d e c e l e r a t i o n  exposure which it would e w e r f e n c e  durinf 
t h e  descen t  phase of t h e  mission. 
pated durinp descent .  

The a l t i m e t e r  w i l l  not operate durinp t h i s  cen t r i fuge  t e s t  
The l e v e l s  

On t h e  o t h e r  hand, it appears advisable  t o  t e s t  t h e  a l t i m e t e r  while 

The l e v e l s  appl ied would be those a n t i c i -  

----- Vibra t ion .  - Complete v i b r a t i o n  t e s t s  on t h e  a l t i m e t e r  w i l l  v e r i f y  
compliance with desipn requirements.  
i m u m  ex rec t ed  v i b r a t i o n  environment fo r  t h e  Sa tu rn  I B /  Shrouded Centaur 
b o o s t e r .  
F l i r h t  Center Ilemorandum, NP/VE-ST-341-63, "Dynamic Environment of Centaur 
Stape of Sa tu rn  IB/Centaur/Voyager Vehicle," D .  Fa.rker, W. Gruner (539-0743) 
7/29/63. 

The appl ied l e v e l  w i l l  be t h e  m a -  

S r e c i f i c a l l y ,  t h e  l e v e l s  w i l l  be those found i n  Marshal l  Space 

The altimeter w i l l  be exposed t o  s inuso ida l  cycl inp v i b r a t i o n  t o  
determine harmful resonances and demonstrate t h e  a l t i m e t e r ' s  a b i l i t y  t o  
su rv ive  t h e  environment. 
s t r a t e  i t s  s t r u c t u r a l  i n t e p r i t y .  
mutual ly  perpendicular  axes, and an automatic e q u a l i z e r  w i l l  ensure spectrum 
shape for t h e  random v i b r a t i o n .  
i n p u t s  and responses f o r  both types of v ib ra t ion .  

Random v i b r a t i o n  a l s o  w i l l  be appl ied t o  demon- 
Both types w i l l  be appl ied i n  t h r e e  

Magnetic t a p e  w i l l  record t h e  v i b r a t i o n  

During simulated descent  t h e  a l t i m e t e r  w i l l  be exposed t o  t h e  v i b r a t i o n  
levels  determined from d a t a  obtained on t h e  retrosystem ( i f  any).  
requirements  w i l l  be v e r i f i e d  during t h i s  v i b r a t i o n  exposure. 

Funct ional  
Again, magnetic 
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t a p e s  w i l l  record t h e  v i b r a t i o n  inpu t s  and responses.  This t e s t  should 
demonstrate t h e  a l t i m e t e r ' s  a b i l i t y  t o  ope ra t e  during t h e  descent  phase 
of t h e  mission. 

----- E l e c t r o m a ~ n e t & ~ i n t e r f e r e n c e .  - Electromagnetic i n t e r f e r e n c e  tes t s  on 
t h e  a l t i m e t e r  w i l l  demonstrate i t s  freedom from i n t e r f e r e n c e  from o t h e r  
systems i n  t h e  s p a c e c r a f t .  
quency range i n  a subdivided RFI f a c i l i t y ,  t h e  a l t i m e t e r  being i n  one mea 
and t h e  monitoring equipment i n  t h e  o t h e r .  

The tes t s  w i l l  be performed above t h e  1GHz fre- 

Mapnetic moments. - Other planned t e s t s  w i l l  determine t h e  magnitude 
of t h e  moments due t o  permanent, earth-induced, and s t r a y - f i e l d  magnetiza- 
t i o n .  Freliminary plans i n d i c a t e  the  f e a s i b i l i t y  of u s ing  t h e  magnetic 
measuring f a c i l i t y  a t  t h e  Naval Ordnance Laboratory a t  White Oak, Maryland. 
This f a c i l i t y  has made magnetic measurements of t h e  UK-2/S-52, S-6, and 
IMP sa t e l l i t e s  with determinat ion of f i e l d  magnitudes of less than  1 parmna. 
The purpose w i l l .  be t o  determine i f  t h e  t e s t  i tem conforms t o  t h e  s p e c i f i e d  
magnetic c l e a n l i n e s s  r equ i r ed .  

Shock. - Because t h e  descent shock environment i s  considered a more --- 
st renuous t e s t ,  !destinghouse recommends omit t ing t h e  bench handling t e s t .  
While i t  i s  simple t o  run and very low i n  cos t  t h e  a d d i t i o n a l  information 
obtained would be i n s i g n i f i c a n t .  

A 20O-p, 1-millisecond sawtooth wave w i l l  s h l a t e  t h e  shock of descent  
induced by t h e  f i r i n p  of  yyrotechnics.  The t e s t  will be appl ied i n  each 
of t h r e e  m t u a l l y  perpendicular  axes. A strain-gage t r ansduce r  and memo- 
scope will v e r i f y  t h e  shock pulse  inpu t  based on shock d a t a  from s t u d i e s  
of t h e  retrosystem. 

I!umiditl. - Amother t e s t  w i l l  be t h e  a l t imeter ' s  r e s i s t a n c e  t o  humidity. 
This  will be pat terned a f t e r  t h e  humidity t e s t  s p e c i f i e d  i n  JPL spec 302503 
f o r  t h e  Mariner YLssion. 
w i l l  be required t o  ope ra t e  only i n  a con t ro l l ed  atmosphere p r i o r  t o  launch; 
however, t h e r e  i s  a r o s s i b i l i t g  of encountering humid condi t ions p r i o r  t o  
launch.  
b u t  w i l l  be v e r i f i e d  a t  t h e  end. 

It i s  understood t h a t  t h e  spacec ra f t  normally 

Functional requirements w i l l  not  be checked during t h e  t e s t ,  

Radiat ion and Nicrometeoroid Hazerd. - Considering t h a t  t h e  a l t i m e t e r  
__I 

w i l l  be encased i n  a s t e r i l i z a t i o n  c a n n i s t e r ,  which i n  t u r n  w i l l  be i n s t a l l e d  
i n  t h e  spacecra.ft ,  Westinghouse bel ieves  t h e  r a d i a t i o n  and rricrometeoroid 
hazards  t o  be n e p l i g i b l e ,  and the re fo re  t e s t i n g  f o r  t h e s e  parameters will 
be omit ted.  

Sterili_zation/decontami_nation. - F a c i l i t i e s  w i l l  be provided which perform 
as c l o s e l y  
- ETS. 
mine i t s  c a p a b i l i t y  of surviving t h e  s t e r i l i z a t i o n  procedure. 

as poss ib l e  t o  t h e  requirements of JPL S p e c i f i c a t i o n  VOL-50503 
The a l t i m e t e r  w i l l  be exposed p e r  t h e  above s p e c i f i c a t i o n  t o  deter-  
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Equipment 

Fixtures. - All fixtures necessary for holding the test specimen 
during the environmental exposures will be designed and built at the 
Westinghouse Aerospace Division. 

Test equipment. - During normal altimeter operation, all operations 
and functional evaluation will involve a test set assembled specifically 
for this purpose. 

Instrumentation. - Standard themocoupl.es and accelerometers will 
moniGr environmental stresses. 
rigidly on the fixture near the structure receiving the applied vibration. 
Two other accelerometers w i l l  be oriented with axes mutually perpendicular 
to that of the control accelerometer. Located near fixture-item interface, 
they will detect any lateral motion, or crcss-talk. 

One control accelerometer w i l l  be attached 

During tests requiring temperature monitoring, thermocouples w i l l  
be attached to the item in sufficient number and at such locations as to 
measure the highest and lowest critical temperatures. A calibrated 
ionization gage will monitor thermal vacuum chamber pressures for shock 
pulses of less than 11 milliseconds duration, crystal accelerometers 
will monitor the stress; for longer durations, strain gace accelerometers 
will be used. 

_m Data. - During vibation all accelerometer signals will be recorded 
on magnetic tape and then recorded on an X-Y plotter. 
will record outputs of thermocouples. 
signal w i l l  be displayed and photographed on an oscilloscope. 
humidity tests, a circular chart recorder will monitor wet bulb and dqy 
bulb temperatures. 

Strip chart recorders 
During shock tests the transducer 

During high 

I___- Facilities. - Plans are to conduct the above qualificdtion tests at 
IIowever, the high g-levels the 1,Jestinghouse Aerospace Test Laboratory. 

needed for the shock test require the facilities at Goddard Space Flight 
Center, Greenbelt, Maryland. To conform to the JPL specifications for 
thermal sterilization and chemical decontamination, a special facility 
w i l l  be purchased. 

Facilities for conducting the magnetic moment tests are at the Naval 
Ordnance Laboratory, White Oak, Maryland. 

The following list describes the facilities at the Aerospace Test 
Center planned for use in qualification testing. 
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I (a) Vibr tion Ekciters I 

i Rated Force I Maxirmun Accel-1 -- Name hequency Range, Output j eration,J I Fe&res 
9 

75 g Automatic frequency 
cycling. Servo con- 
trolled exciter level. 

Calidyne 174 5-3500 HZ I 

MB 
c210 

5-2000 Hz 28,000 lb 81 g Random, sinusoidal, or 
mixed capabilities. 
!Automatic frequency 
i cycling. Servo con- 
;trolled with automatic 
I equalization and anal- 
jysis . I 

(b) Humidity Chamber 

Name I Size ? R.H. Features 

Tenney TH27 3x3~3 ft , C to t-180 1 3-95-t /Penetration for leads. 

! 
---n--r--*--- 

1 

i 
(c) Accelerators 

Characteristics -- Name_____-------- 
ShLevitz Rotary Accelerator 100 g 

(d) Thermal Vacuum 

Size TeEkO Minigum Pressure 

Bethlehem 361' dia. -90°F to +160°F ----I--- 1 x 10-7 ton 

Name 
L--.--,---y---.------.-- 

I 4E" long , -300°F with LTi2 , 
(e) Electromagnetic Compatibility Laboratory 

14anuf acturer: Filtron 

Size: Two adjacent rooms with one common wall. 

Room #l - 10 ft x 10 ft x 20 ft 
Room fi'2 - 10 ft x 20 ft x 20 ft 

Power: 11%, 400 Hz, 3 $d , 50A 
115/208V, 60 Hz, 3 $d, 50A 
440V, 60 Hz, 3 $, 50A 
+.28 Vdc, 50 A 

Performance: Shielding meets requirements of MIL-E-4957A. 

Features: Contamination control techniques control cleanliness of 
rooms. 
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Instrumentat ion:  Radio i n t e r f e r e n c e  f i e l d  i n t e n s i t y  meters: 

S toddar t  blM-lOA 14 kHz - 250 kHz 
Stoddar t  Nl4-20B 150 kHz - 25 IMz 
Stoddar t  NM-30A 25 FEIz - 400 NHz 
Stoddar t  PPI-52 375 PEIz - 1 GHz 
Polarad FI/M 1 GHz - 10 GHz 

Addit ional  Test Instruments:  

Necessary cal ibr? , t ing Fenerators  
Necessary instrumentat ion f o r  RF and AT: s u s c e p t i b i l i t y  

Instrumentat ion f o r  measuring f i l t e r  i n s e r t i o n  loss per  

s ine  and impulse. 

t e s t s .  

MIL-STD-220. 

Fa i lu re s  and Retes t  

A l l  f a i l u r e s  which occur during formal q u a l i f i c a t i o n  w i l l  be f u l l y  
documented and completely inves t iga t ed .  
t i a t e d  a t  t h e  time of occurrence.  

Any r e t e s t i n g  w i l l  be nego- 

Reports 

A f i n a l  r e p o r t  covering a l l  t h e  environmental t es t s  will f o l l o w  t h e  
t e s t  program. This r epor t  w i l l  be submitted t o  t h e  customer wi th in  
30 days of t he  program conclusion. 

Acceptance Tes ts  

-----m__- General  Conditions.  - Acceptance tes t s  w i l l  demonstrate t h a t  t h e  
hardware i s  ready f o r  f l i g h t .  
ETS. These tes t s  w i l l  be conducted i n  t h e  Class 1G0,OOO clean room used 

I n  conformance with s p e c i f i c a t i o n  VOL-50503- 

f o r  f i n a l  assembly opera t ions .  

- Tests t o  be =. - The following acceptance tes ts  w i l l  be performed 
t o  ensure q u a l i t y .  

(a) Thermal/var11iim. - 
i n  t h e  c lean  room and t h e  altimeter w i l l  be exposed t o  an environment as 
previous ly  descr ibed under t 'Oual i f icat ion Tes ts t t  except t h a t  t h e  par- 
ameter l e v e l s  will be reduced. 

A smal l  vacuum b e l l - j a r  f a c i l i t y  w i l l  be loca t ed  

( b )  Vibra t ion .  - To perform t h e  v ib ra t ion  acceptance t e s t  i n  t h e  c lean  
room, a small e x c i t e r  w i l l  be moved i n t o  t h e  f i n a l  assembly a rea .  How- 
ever ,  t h i s  e x c i t e r  does not  have random v i b r a t i o n  c a p a b i l i t i e s ,  permit- 
t i n g  only s inuso ida l  v i b r a t i o n .  
i n  Fenera1 t h e  same procedure w i l l  be used as has previously been 
descr ibed .  

Reduced l e v e l s  w i l l  be appl ied but  
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( N O t E :  
be t o  p l ace  a s m a l l  po r t ab le  chamber over t h e  s tandard environmental 
l a b o r a t o r y  e x c i t e r .  
al though t h e  l e v e l  would be somewhat lower than  i n  t h e  f i n a l  assembly 
a r e a ,  and a phys ica l  t r a n s f e r  would be involved.)  

If random v i b r a t i o n  i s  a n e c e s s i t y ,  an a l t e r n a t e  method would 

This would provide a clean room environment, 

( c )  Sterilj ~.ation/decontaminati .on.  - \Jestinghouse w i l l  t e s t ,  p e r  JPL 
Sy~ci f ica t ion iTOL-j0503-~TS,  i n  f a c i l i t i e s  which most nearby s a t i s f y  t h e  
s p e c i f i e d  chamber requirements.  
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Cost irifor-iation i s  presented here i n  two ways: by t h e  natjor phases 
(desizn and developxent, q u a l i f i c a t i o n ,  and product ion)  and by Tonthhy c o s t s  
i n  six fur,ct,icnal a r e a  (unareJ-1ent,  eng inee r in r ,  r e l i a I ) i l i t y ,  n-anufacturing, 
q u a l i t y  assurance,  arid environnental  t e s t ) .  

T,lhlc I sur;marizes t o t a l  p r o g r m  c o s t s .  The design and developrent phzse 
includes f n h r i c a t i o n  of  a breadboard en,rineerinl; iicdel m d  two prototypes.  

A l l  subcontract  developnent c o s t s  a r e  included here .  
includes t h e  c o s t s  a s soc id t ed  with nlnnufzcture and e n v i r o n w n t a l  t e s t  of  two 
a l t i n e t e r s  of f i n a l  c o n f i < T r a t i o n .  Production c o s t s  a r e  f o r  i m u f a c t u r e  o f  
t e n  a l t i w t e r s  plus  support  of t h e  ope ra t iona l  rission. 

Thc qud l i f  i c a t i 3 n  phase 

iSiali t:r a s s u r m c e  provisi-ons i n  accordance with IJSA s p e c i f i c  ztion ’-PC 
200-2 hive %en a s s m e d  throuc-hout t h e  p r c y r m .  

!‘i,-ures 7 throunh 12 show fundin:- h;r ionths f r o n  nn es t iTa ted  r-o-~head 
‘*:inap-.lent c o s t s  include of 1 J‘muary 1967 thr0uj.h t h e  1971 lalmch period. 

docuient z t ion.  
c o s t s  f o r  t f e  h-czdboard Todel and t t c  two prototypes.  
t h e  2 q u , i l i f i c a t i o n  u n i t s  2nd 10 del ivered units a r e  included in t h e  ? q v J . -  

f acturin,- f i<-tires. 

Enrineeri  n,r c o s t s  incliide s u ’ x o n t r x t  developient  and i d e r i a l s  
‘ - t t e r i a l  c o s t s  Tor 
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1. Area 2equirements 
1.1 The area shall be c%npletely enclosed. 
1.2 Lights shall be completely enclosed. 

1.3 Floor shall be of  vi t iyl  o r  o the r  2ondust-::snerztii: mt?ria,l. 
1.4 'ILTUs a h a l l  be e a s i l y  cleanable,  
1.5 The aii. conditlonintz system shall: 

1.5.1 Q e r ~ t c  continuously twenty-four (24) hours a day, seven 
( 7 )  dxy; a wee!;. 

1.5.2 Mzh-rtain temperature at 7% - 5' I?. 

1.5 . 3 b k i n t a i n  humidity below 55 percent  . 
1.5.4 
r e l a t i o n  t o  surrounding a r e a s o  

33e c q a b l e  of maintsiriin? a 2 o s i t i v e  pressure  : d t h  

1.6 A f ixed  vacuum s o u ~ c e  sha l l  be provided, exhausted ou t s ide  t h e  area.  
1.7 Telephone se rv ice  shall 'L;? provided t o  minimize fq-and-out 

t r a f f i c  and t o  e l iminate  unnecessary entry.  

2. Equipncnt 
2.1 All equipment provided f o r  t h i s  a r e a  shall be approved by a MPS 

Oi* by the Contamination Control (Committee, 

2.2 

2.3 

2.4, 

r )  L.5' 

A shoe cleaner  sha l l  be provided. 

G e h t i n  o r  s t i c k y  paper mats shall be pyovided at air  lock 
entrance t o  t h e  Clean Iioom, 
Ca l ib ra t ion  and s imi la r  support  equipnent and housekeeping 
u t e n s i l s  are t o  remain i n  t h e  Clean Eoom area  i f  poss ib l e ,  
IVec?ssary movements of  t h e s e  i n  and out of the Clean Room 
Etrea ms+, be preplanned t o  Beep t h e  number of moves t o  a 
minimum, This equipment i s  thoro!@ly vacuumed before  bein:: 
brought i n t o  t h e  Clean Room Area. 

Test, inspect ion,  photographic, r epa i r ,  etc., equipment b r o w h t  
i n t o  t h e  area f o r  temporary use shall be thoroy7hly vacuumed o r  
cieaned according t o  manufacturer'  s recommendation before  
belng brour5h-b i n t o  area.  

3. Personnel 
3.1 The ,'lean Yoom area  i s  r e s t r i c t e d  t o  au thor ized  prsonnel ,  

%necessary personnel t r a f f i c  Will be discoursged, 
These rules are mandatory for personnel  v i s i t i n g  o r  working the  
Clean Room area. 

3.2 

3.2,l Smoking o r  edibles ,  inc luding  candy cheIdng @;urn or  soft 
dr inks  are abso lu te iy  forbidden i n  t h e  Clean Room area.  

AEROSPACE DIVISION 
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32.2 

3.2.3 

hir is confined i n  a white cap, 
on white l i n t - f r e e  coa ts  axe closed. 
Dust p reven ta t ive  smocks and caps a r e  put  on before  en te r ing  
t h e  Clean Boom area.  
t h e  c lo th ing  by al lowing it t o  touch t h e  f loor .  
Dust p rcvcn ta t ive  c lo th lng  i s  removed immediately after 
l eav ing  t h e  Clean Room area ,  
i s  no t  worn ou t s ide  t h e  Clesn aoom a i r - l o c k  area.  

Co l l a r s  and c u f f s  

Care must be taken  not  t o  c o n t m i n a t e  

3.2.4 
Dust p reven ta t ive  c l o t h i n s  

3.3 It is not p r a c t i c a l  t o  def ine  t h e  sTec i f ic  t yyc  s t r e e t  c lo thes  
which a r e  allowed i n  t h e  Clean Room area.  However, wearinq of  
l in t -producing  items such as angora sweaters or  l i n t y  wool 
s tockings i G  p rohib i ted ,  Personnel a r e  encouraged t o  wear 
c lo th in ;  made wi th  syn the t i c  fibers, such as orlon, nylon, and 
ddcron. 
not r e a d i l y  cleaned by t h e  shoe cleaning device are fo;;bidden. 
Personnel performing. opera t ions  where adhesion i s  an  e s s e n t i a l  
requirement ( i .eo,  po t t ing ,  encapsulating, coatin;) must wear 
clean white co t ton  o r  rubber Zloves. 
during t h e  clearling ope ra t ions  and cot ton gloves when h n d l i n ?  
t h e  p a r t s  ciurin? a p p l i c a t i o n  of compounds, 
worn when handling components p r i o r  t o  encapsulsttinx. 

Shoes made wi th  r i p p l e  soles of a design which a r c  

3.4 

Rubber doves a r e  worn 

loves a r e  

4. Mater ia l s  
4.1 

lC.2 

Only that paperwork which is e s s e n t i a l  t o  t h e  opera t ions  13 
allowed i n  t h e  =ea. 
Only those  so lven t s  and mater ia l s  spec ia l ly  requi red  by 
process  s p e c i f i c a t i o n  are allowed i n  t h e  area. 

5. Cont ro ls  
5.1 The Clean Rooms are r e s t r i c t e d  except t o  au thor ized  v i s i t i n c  

r)arsonntl. 
allowed t o  e n t e r  t h e  Clean Room. 

5.2 V i s i t i n g  personnel  must be escortel!  a t  all t imes i n  t h e  Clean 
Rooms and it 1 3  t h e  e s c o r t ' s  r e s p o n s i b i l i t y  that Clean ROOE 
rules a r e  adhered to .  
Dust p reven ta t ive  smocks and caps s p e c i f i c d l l y  ass igned f o r  
v i s i t o r s  use a r e  t o  be put on before  enterin(:  Clean 200m. 
If a t  q v  t ime it i s  necessary t o  have personnel  working i n  
t h e  Clean Iiooms during closed days (Saturday, Sunday, or  
Fiolidays), it i s  %he r e s p o n s i b i l i t y  of t h e  hlanufacturin= 
Su;?ervisor t o  e s t 3 b l i s h  maintenance coverage. 
Supervisor  must n o t i e  t h e  des izna ted  Ncintenance Su2ervisor  no 
l a t e r  than U : O 3  A.M. of t he  l a s t  working day prdcedirlg tht? 
c losed  day in order  t o  a l l o v  thsm t o  rr!!ke arrangements t o  
have k i n t e n a n c e  cleanin? personnel  ava i l sh l e .  

arcfa ma;y be _nerformpil, ?rovid.ed t h e  o p e r ~ t i o n s  a n  perfonred 
by q u a l i f i e d  p r s o m e l  m? ur?fio- t h e  d i v x t i o r  nf t h e  .Ire? 
2 u y e r d s o r  . 
The Clean ?oom Dzea Clupervi;x ---;t be not. if izd z r i c i  t o  
ryiair of ecpx!.pnlc~t o r  1m.t.t;. 
+he nece3;x-y c l r x i n : ,  if any, to b? Terfvr.%d. 

The Supervisor  i s  n o t i f i e d  p r i o r  t o  v i s i t o r s  being 

5.3 

5.4 

The Panuf&ctur ins  

5.5 Zeplair similar t o  type and s c o p  conductnd i n  t h e  arsembly 

5.6 
The S u p e x i s o r  w i l l  then  fieternlnz 
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2iCh-t (8) hour ;hif’t krlth a clean l i n t - f r e e  clq*h, 
hp, or  a vacir;rr cleaqer. r a b b e t s  are washed once a week 
with a l i p i d  iieter,:erlt and v-ter. 
:o_ui?rr.ent i s  wiped vrit? 2 l i n t - f r e e  c lo th ;  )I &l.F;72 AP o r  
accorCing t o  mnufacturcr’s secom-cmht ion  ut lzast once k i l y .  
Floors 1.1 the Clean 3oom itred, a i r  locks, r e c q t i o n  room, sxl. 
c leaning  ToQrns arc rooppcd i d t h  l i q u i d  de te rgent  ancl water  
weekly, and va?iiumed v e e k i y  st a t ime when the oc:cu~rt?~c,y of 
the room i s  a t  a. vinbim.  
VPidows are cleaned rreekly usin;: a spzcty l i q u i d  cleaner ai2 ?int 
f ree  wipfn.2 l i . a t e r id .  
W z l l s  are vacuum-clearied vcekly and cleaned with i l i q u i d  
deterLent  awl mtcr  as required to mintairr :mer4 c leanl ipess .  
I ‘e la t in  m?tn are cleaned terlce dai ly  with kerosene. 
papzr mats are replaced as yequired t o  m i n t a i n  e f fec t iveness .  
Dust 2reventative clothin:: is cleaned twice  a week. 

Y-’~1572 

St i cky  
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